It is well known that some furocoumarins by ir radiation at 3655 Ä are able to produce photo sensitizing effects on various biological systems1. The more active substances are psoralen and several its methyl-derivatives2, xanthotoxin, or 8-methoxypsoralen, and bergapten, or 5-methoxy-psoralen. These substances form complexes with D N A when added to a solution of the macromolecule3-5 and by irradiation at 3655 Ä they covalently bind to 
It is well known that some furocoumarins by ir radiation at 3655 Ä are able to produce photo sensitizing effects on various biological systems1. The more active substances are psoralen and several its methyl-derivatives2, xanthotoxin, or 8-methoxypsoralen, and bergapten, or 5-methoxy-psoralen. These substances form complexes with D N A when added to a solution of the macromolecule3-5 and by irradiation at 3655 Ä they covalently bind to the pyrimidine bases of D N A through a photo-C4-cyclo-addition reaction in which the 5,6-double bond of pyrimidines and the double bonds 4,,5/ or 3,4 of furocoumarins are involved 6. B e l l i n et al. 7' 8 have found that other substances, such as methylene blue and rose bengal, which are able to photooxidate in a particular manner the guanine moieties of DNA, produce some breakages of the polynucleotide chains of the macromolecule.
The present study was performed with the aim to ascertain if breakages of the polynucleotide chains take place as a consequence of the C4-cyelo-addition of furocoumarins to the pyrimidine bases. W e have found in light scattering measurements and in viscosimetric experiments valuable arguments showing that in the photoreaction between furocoumarins and D N A neither breakages of the polynucleotide chains nor conformational modifications of the ma cromolecule occur.
M aterial and Methods

D N A :
The following two samples of DNA were used:
I: Calf thymus DNA, highly polimerized (Mann Research Laboratories, New York), T m * = 87°, hypochromicity higher than 37 per cent.
II: Salmon sperm DNA, highly polimerized (Calbiochem, Los Angeles -California), T m * = 86°, hypochromicity higher than 38» per cent.
Furocoumarins. Psoralen and bergapten (5-methoxy-psoralen) were prepared by extraction respecti vely from the leaves of Ficus carica 10 and from ber gamot o iln . Xanthotoxin (8-methoxy-psoralen) was a commercial sample purifid by sublimation and by cry stallization from ethyl alcohol, mp. 148°.
Irradiation of the solutions. The solutions were introduced into glass cylindrical containers, 9 cm in diameter, and irradiated in a thermostatically control led room ( + 1°C ) with a Philips HPW 125 lamp, which emits almost exclusively at 3655 Ä, at a distance of 16 cm (0.98 mV/cm2). During the irradiation the temperature of the solutions did not exceed + 5 °C.
Light scattering measurements. To a DNA (I or II) 0.2% aqueous solution (30 ml) containing NaCl 2-10_ 3 M,was added a methanolic solution of psoralen (9 mg/ml) to a final concentration of 60 //g/ml of psoralen (the final concentration of methyl alcohol was 0.66%).
After having been shaken for 10 minutes, the solu tion was irradiated for 90 minutes and then solid NaCl was added to a 1 M final concentration. From this solution DNA was precipitated by adding slowly two volumes of anhydrous ethyl alcohol, washed with 70% ethyl alcohol and dissolved again into 150 ml of a 0.2 M NaCl aqueous solution.
As a check these operations were performed also on the same DNA solutions with the addition of psoralen but not irradiated or with the addition of methyl alco hol only (0.66%), without psoralen, and then irradiated. Other check was made dissolving the samples of DNA (I and II) directly into 150 ml of aqueous 0.2 M NaCl solution. A ll these operations were performed in a thermostatically controlled cold room ( + 1 °C ). The light scattering determinations, were performed using a Photometer Sofica Model 42.000 with cylindri cal cells immersed in highly purified toluene. The in strument was standardized with benzene (clarified with accuracy) using R90 (5460 Ä) = 16.3 x 10~8 12. The measurements were made on 0.2 M NaCl aqueous solu tions at A = 5460Ä, using the value dn/dc = 0.17 13.
DNA concentrations were determined by spectro photometric measurement of the O.D. at 2600 A. The range of DNA concentrations used was between 10~5 and 10' 10~5g/ml. All the solutions used were clari fied either by filtration through a Millipore SM 5 /u filter or by prolonged shaking of the solutions with chloroform-isoamil alcohol mixture 14, followed by cen trifugation at 25,000 g for 2 hours.
Viscosimetric measurements (i -assay15). For these experiments DNA-I 0.05% aqueous solutions con taining 10" 2 M NaCl were used. After filtration through Millipore SM 5 /u filter, to these were added concentrated methanolic solutions of furocoumarins (psoralen, xanthotoxin and bergapten). The final con centrations are reported in Table II . As a check, to the same solution of DNA was added an equal amount of methyl alcohol, without furocoumarins.
Viscosimetric measurements before and after ir radiation were made using an Ubbelhode viscosimeter at 25° ±0,05°.
The samples to examine were heated for 15 minutes at a specified temperature, quenched in ice, reequili brated at 25° and the viscosity determined at 25°. This operation was then repeated at various increasing tem peratures of heating (from 25° to 100°). The T'v*,i14 value was calculated for each solution according to occur as a consequence of the photoreaction with furocoumarins. However, one can observe that if single chain scissions occur in only a small number of sites, the macromolecule can retain its molecular weight and its conformation.
This fact was observed by B e l l i n and Y a n k u s 8 studying the photooxidative effects of some dyes on D N A . In the initial periods of irradiation molecular weight of D N A and viscosity of the solutions re mained almost unchanged. However modifications o f the macromolecule due to infrequent scissions of a single chain could be detected by using the " i-assay" 8' 15.
In this connection, we point out that M u s a j o et a l.16 studying the photoreaction between labelled bergapten and D N A , found that after 2 hours of ir radiation, in experimental conditions very similar to those used in the present experiments 1 molecule of this furocoumarin was linked with every 154 nucleotides.
Using uniformly tritiated psoralen *, we have now found that after irradiation in the conditions indicated above, the ratio between psoralen linked and nucleotides is 1 :110.
* T h e experimental procedure used for this determination was similar to that preciously described using -0 14C H 3 bergapten 1#.
Therefore if the C4-cycloaddition of furocouma rin to the 5,6 double-bond o f a pyrimidine base produced a breakage o f the polynucleotide chain, this breakage would occur with the same frequency as the C4-cycloaddition, that is 1 in every 110 nucleotides, in the case o f psoralen. For this reason, besides the light-scattering measurements, we have also performed the viscosimetric " i-assay" 15 on D N A after irradiation in the presence of psoralen, bergapten (o r 5-methoxypsoralen) and xanthotoxin (o r 8-methoxy-psoralen).
The results are reported in Table II that the Ti/,,; value o f D N A not only is not decreased after the irradiation in the presence of furocouma rins, as would have happened if breakages of poly nucleotide chains had taken place, but on the con trary it is slightly increased by adding the furo coumarins and even much more so after the ir radiation. These increases of the 7\/t,j value are similar to those of the Tm value of D N A after irradiation in the presence of furocoumarins previously ob served 17 and indicate a stabilization of the secon dary structure of D NA.
After these results we may conclude that the C4-cycloadditions of furocoumarins to the 5,6 double bonds of the pyrimidine bases of D N A , which take place through the irradiation at 3655 Ä , produce neither breakages of the polynucleotide chains nor relevant modifications of the macromolecule con formation.
